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Outline

d PHENIX Measurement of low mass dileptons

— Temperature of sQGP in central Au-Au collisions

1 QCD calculation for low mass dilepton production
in hadronic collisions

— pQCD factorization works as good as that for direct photon
production at high pT

d Partonic multiple scattering in nuclear medium
enhances the production rate of low mass dileptons

— Opposite sign to that in DIS

d Summary and out look
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The PHENIX measurement

O Low mass e*e pairs == direct photon production:
arXiv:0804.4168 (PRL in press)
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Hadronic production of thermal photons

d Photons from various sources: Turbide, Rapp, Gale, PRC 2004
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The enhancement also seen in total rate
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Questions

How reliable we can calculate the production rate
of low mass lepton pairs in hadronic collisions?

Process: A(p1) + B(ps) = 010 (Q)+ X
Kinematics: Q7 > Q7

“Drell-Yan” - like process:
Q7 > Q%> Ajcp

Clean process for extracting the gluon distribution

Berger, Gordon, Klasen, 1998

T a ¥ 1) . . Qiu, Zhang, 2001
Direct photon” — like process: Berger. Qit,, Zhang, 2002

Qr > Q* ~ A(QQCD

QCD factorization is as good as that for high p+

direct photon production Kang, Qiu, Vogelsang, 2009
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Lepton pair production at high py

d Clean probe of gluon without final-state interaction

q Y’ q my‘* q §—<‘Yt q
ﬁ — e FTTTTTTTIO g q g g q g OVOB0000030———>——— q
— Compton subprocess gives a small negative contribution to

inclusive Drell-Yan lepton pair production 0

— It dominates the transverse momentum distribution when Q1 > 5

d Complementary to prompt photon —-m << Q:

AoAB—t+e- (@)X _ [ Cem |\ B0ABy (@)X
dQ? dQ% dy 3mQ2 dQ% dy

10~3
d But, the rate is lower! Q)

Idea: Lower Q, not too small Q;
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QCD factorization for Drell-Yan

1 QCD factorization is valid when Q, Qr > Agcp:

— separation of momentum scales

— photon is produced at t ~1/Q << fm

— inclusive lepton pair production

dosp—ete-(Qx _ 4"'e 2mc Ao ap—y Q)
dQ*dQ7dy 3WQ 0 2 dQrdy Power series of o,
T asR—" a
o =3 [ansitnw [deafton w IO 1 22,001, 3: )
d QCD factorization is valid even if Q7 > Q%> Ajcp :
— photon is produced at t, ~1/Q >>1/Q; B P Y
- large logarithms: o (Q)*log(Q{/Q)
— resummation/reorganization b

March 19, 2010 8 Jianwei Qiu



Resummation of fragmentation logarithms

D Fragmentation |ogarithms: Qiu, Zhang, 2001, Berger, Qiu, Zhang 2002
a Pe v a b, kg
i -
b b v

1 Resummation/reorganization:
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Input fragmentation functions
d “Drell-Yan” - like process Q7 > Q? > Agp : Beroen Qiu, Zhang 2002

— lepton pair is mainly from decay of a virtual photon of mass @
— Q(> Aqcp) is a natural regulator for the fragmentation logs

— Input fragmentation functions are purely perturbative

2 “Direct photon” - like process Q7 > Q> ~ Ajcp :
Kang, Qiu, Vogelsang 2009

- Q7 (> Aqcp) is a perturbative scale, but Q(~ Aqcp) is not

— the lepton pair can be produced non-perturbatively

E_ |2 . T ’
|>@I< & n. Y + p>:<Y>‘< + Vv + ...

— ED N
Dy (z uf: Q%) = D (2, uds Q) + D20 (2, ps Q)
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Model the input fragmentation functions
 Extract the input fragmentation functions from data:

— input fragmentation functions are process independent
— “derive” or “model” the functional form of the distributions
— fix all unknown parameters by fitting available data

J Our model:
- “QED?” part:

DI w09 = e 52)| (— (lz_ Z)z)l“(Qz/ﬁ v) - (Qz/zQ1 2 ff;)]

0 0 0
DEXO(z, u; 1) = DEDV (2, uf: 0, D0z, ud: 0% = 0.

— “hadronic” part:

PR (z, ug; Q%) = KDq—»v(Z, #(2))—2 —5
Vv my

Further assume: my =m,, f7/47 =22 and D;.y = D/,

DNonpert 47Taem (1 . Q2)3

— fitting parameters: A(> Aqcep), ~(~ 1)
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Invariant Cross Section

Kang, Qiu, Vogelsang, PRD 2009

1 Definition:
Qiax

Ao AB—e+e-(QX _ / Q2 1 doap_ere-(Q)x
BQ - T dQ2dQZdy

1 Role of non-perturbative fragmentation function:
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Data from PHENIX: arXiv:0804.4168
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“Direct photon” approximation

1 Dilepton production vs direct photon production:

doap—e+e-(0)x _ dO'AB~y(é)x

< Direct photon cross section
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% Inclusive NLO direct photon
(blue-dashed)

Gordon, Vogelsang, 1993

% Direct photon code has
similar non-perturbative
fragmentation functions
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Nuclear dependence

4 In a gas target:

** Nucleons have a large empty space between them
“ They are guantum mechanically incoherent for
the short-range strong interaction

4 In a nuclear target:

** Nucleons are very close to each other - partonic rescattering
“ They are quantum mechanically coherent
*» The hard probe is not necessarily “local” — small x

 Magic of heavy ion beams:

** Very large hadronic total cross section
** Hot medium produced from the interaction between colors
(soft gluons) of colliding ions
March 19, 2010 14 Jianwei Qiu



Modern nuclear parton distributions

1 Definition: /a , . ( ,
ff (xaﬂ' ) — pz‘ (:U,;_Lz)ff(x,p )

 Three sets nuclear gluon distribution for A=197:
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Isospin effect in nuclear collisions
 Definition:

Riso — sqd 044" /dQrdy
BT @20p [dQrdy
f(@,Q%) = [Z - ff+(A-2)-f11/A  i=4q,49
 Strong isospin effect:
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Sensitivity on gluon distribution

J Nuclear modification factor:
1 dQNdAu/dQTdy min.bias ﬁdzddAu/dQTdy

Baaw =N ) @Nw/dQrdy — d2om/dQrdy
1 RHIC kinematics - if dominated by single scattering:
211 31.15
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Q, Q,
— The band is given by k=1 (top lines) and k=0 (bottom lines)

— RAA follows the feature of gluon distribution if turns off isospin
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AuAu data: shadowing + isospin only
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Data from PHENIX: arXiv:0804.4168 Kang, Qiu, Vogelsang, PRD 2009
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Other nuclear effect: multiple scattering

d Initial state multiple scattering — power correction:

O Guo, 1998

Q Unlike DIS, power correction to
lepton pair production is positive
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Power correction from cold nuclear matter (solid) is not enough!
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Cross check: lepton pair cross section

3 Power correction to inclusive total rate: do**/dQ?
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+» Power correction from cold nuclear matter is also too small
for the enhancement in NA60 data

<+ But, the difference is smaller than that seen in RHIC data
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Summary and outlook

O Hadronic production of low mass lepton pairs
at high p; is perturbatively calculable

— QCD factorization is as good as that for direct photon production

O Low mass lepton pair production is complementary to
direct photon production in extracting gluon distribution

— Cleaner lepton signals, no complication on isolation cut,
but, relatively lower rate

 Nuclear enhanced power corrections from cold nuclear
matter alone can not explain the observed excess of
lepton pair production at low p; in AuAu collisions:

— Thermal photons from sQGHP, ...

Thank you!
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